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Raman spectroscopy:
To confirm the layer number of the flakes, Raman spectroscopy has been performed. The spectra are normalized to the intensity of the A 1g peak. The peak separation between E 2g 1 and A 1g can be used to determine the number of layers. As shown in Figure S1 , the difference between the two peaks is found to be 18.3 cm -1 , 21.2 cm -1 , and 23.1 cm -1 for monolayer (1L), bilayer (2L), and trilayer (3L) samples, respectively, consistent with previous reports.
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Figure S1. Normalized Raman spectra of mono-, bi-, and trilayer MoS 2 flakes as well as bulk.
Capacitance of the back gate at low temperature
To extract low temperature mobility from the back gate transfer characteristics, we performed Hall measurement to study the capacitive coupling of top and back gate. Figure S2 shows charge carrier densities obtained from Hall measurements at a fixed top gate voltage and different back gate voltages at T=100 K. The change with back gate reassembles the linear behavior and slope which one would expect from a simple capacitance model for a device with the back gate only and indicates that the presents of a top gate with frozen ions has little effect on the back gate characteristics.
Meanwhile, the field effect mobility was found to be consistently higher than the Hall mobility by a factor of about 2.75, similar to the previous report in Reference 26 of the main text. 
Band gap
As discussed in the main text, the quantum capacitance dominates when the Fermi level lies in the band gap, which enables the extraction of the band gap directly from the electron and hole threshold voltage. 3, 4 As illustrated in Figure S3 , the band gaps for bi-and trilayer samples are obtained to be approximately 1.63 eV and 1.32 eV. Figure S3 . Extrapolation of the electron and hole branches of bilayer and trilayer devices to extract the threshold voltages, from which the band gap is determined. Figure S4 shows the low temperature resistance of a trilayer sample as a function of top and bottom gate, displaced horizontally according to the top gate bias. In the panel below, the arrow indicates where the transition from insulating to metallic state happens. 
Further measurements on a trilayer device
Mobility of the trilayer device:
The gate bias and temperature dependence of the field effect mobility for trilayer MoS 2 is shown in figures S5a and b. 
Scattering mechanism:
As shown in Figure 4 in the main text, above a temperature of 100 K mobility decreases rapidly due to electron-phonon scattering 5 , which is often described by a power law
. The damping factor γ contains information on the type of phonons involved in the scattering. 6, 7 Simple fit of the raw experimental data yields damping factor ranging between 1.2 and 2.85 depending on the sample and doping level similar to earlier reports. 5 One can subtract the constant contribution of short-range scattering from the observed mobility to obtain , which accounts for other scattering processes. 8 Figure S6 compares the as-measured mobility μ and extracted mobility for all devices, respectively. It can be seen that still follows the power law thus allowing extraction of a damping factor . We find to be about 3.05, 3.0, and 2.54 for mono-, bi-, and trilayer devices, respectively. 
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Leakage current:
Leakage current through the top gate is negligible compared to the source-drain current. It was usually below 1nA. Only for wide top gate sweeping at room temperature it exceeded 5nA as shown in Figure S7a . Furthermore, the leakage current is significantly reduced at low temperatures when the motion of the ions is suppressed ( Figure S7b) . 
